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MEDICINE INFUSER FOR DISPLAYING IMAGE OF ENTERED INFUSION CONDITION 



(57) The preset invention provides a liquid injector in 
which, when an injection time period and an injection rate 
are entered as an injection condition, a condition image 
having a horizontal width corresponding to the injection 
time period and including the injection rate as text data 
is displayed in a condition screen with its vertical axis 
representing the injection rate and its horizontal axis rep- 
resenting the injection time period at a vertical position 



in association with the injection rate and a horizontal po- 
sition in association with the injection time period. The 
operator easily understands instinctively the injection 
condition from the horizontal width and the position of 
the condition image, and since the condition image in- 
cludes the injection rate as text data, the operator can 
check quickly the numerical values. Thus, the liquid in- 
jector can be provided which allows simple entry and 
review of the injection condition. 
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Description 

Technical Field 

[0001] The present invention relates to a liquid injector 
for injecting a liquid into a patient, and more particularly 
to a liquid injector for injecting a liquid, such as a contrast 
media, into a patient who is to be imaged by an imaging 
diagnostic apparatus such as a CT (Computed Tomog- 
raphy) apparatus, an MRI (Magnetic Resonance Imag- 
ing) apparatus, a PET (Positron Emission Tomography) 
apparatus, or the like. 

Background Art 

[0002] Presently available imaging diagnostic appara- 
tus for capturing fluoroscopic images of patients include 
CT scanners, MRI apparatus, PET apparatus, ultrasonic 
diagnostic apparatus, CT angiography apparatus, MR 
angiography apparatus, and ultrasonograph. When such 
an imaging diagnostic apparatus is used to capture a 
fluoroscopic image of a patient, it is occasionally prac- 
ticed to inject a liquid such as a contrast media or a phys- 
iological saline into the patient. A liquid injector for auto- 
matically injecting a liquid into a patient has been com- 
mercially available. 

[0003] Such a liquid injector has a drive motor and a 
slider mechanism and the like, and employs a liquid sy- 
ringe that is removably mounted. The liquid syringe com- 
prises a cylinder member and a piston member slidably 
inserted in the cylinder member. The cylinder member is 
filled with a liquid such as a contrast media or a physio- 
logical saline to be injected into the patient. 
[0004] The liquid syringe is connected to the patient 
by an extension tube and set on an injection performing 
means. The injection performing means individually 
holds the piston member and the cylinder member and 
moves them relatively to each other for injecting a liquid, 
typically a contrast media, from the liquid syringe into the 
patient. 

[0005] The operator determines the rate at which the 
contrast media is to be injected and the total quantity of 
the contrast media to be injected, in view of various con- 
ditions, and then enters numerical data representing the 
rate and total quantity into the liquid injector. Based on 
the entered numerical data, the liquid injector injects the 
contrast media into the patient atthe rate and in the quan- 
tity represented by the entered numerical data. The in- 
jected contrast media changes the image contrast of the 
patient, allowing the imaging diagnostic apparatus to 
capture a good fluoroscopic image of the patient. 
[0006] Some liquid injectors are capable of injecting a 
physiological saline as well as a contrast media into the 
patient. For operating such a liquid injector, the operator 
enters, if desired, an instruction to inject the physiological 
saline following the completion of the injection of the con- 
trast media, together with data representing the rate at 
which the physiological saline is to be injected and the 



total quantity of the physiological saline to be injected, 
into the liquid injector. 

[0007] Based on the entered data, the liquid injector 
first injects the contrast media and then automatically 

5 injects the physiological saline after the contrast media 
has been injected. The subsequently injected physiolog- 
ical saline pushes the previously injected contrast media, 
reducing the consumption of the contrast media, and also 
reduces artifacts in the captured image. 

w [0008] Liquid injectors of the type described above 
have been devised and applied for patent by the applicant 
of the present application (see, for example, patent doc- 
uments 1 , 2 below). 

[0009] The above liquid injector is capable of injecting 
15 a contrast media into the patient in order to change the 
image contrast of the patient to a state which allows the 
imaging diagnostic apparatus to capture a good fluoro- 
scopic image of the patient. 

[001 0] When a contrast media for CT was actually in- 
20 jected into a patient by the liquid injector and a time- 
dependent change in the CT value, which represents the 
image contrast, was measured, it was found that even if 
the contrast media was injected at a constant rate, the 
CT value was not constant, but rose nonlinearly and then 
25 fell, and remained at an optimum level for a very short 
period of time. 

[0011] Therefore, the conventional liquid injector 
which injects a contrast media at a constant rate that is 
represented by entered numerical data fails to provide 
30 optimum-imaging conditions in an imaging diagnostic ap- 
paratus combined therewith. For solving the above prob- 
lem, it is necessary to change, with time, the rate at which 
the contrast media is injected. For example, it is known 
in the art to divide one cycle of liquid injection into a plu- 
35 rality of phases and set numerical values of a liquid in- 
jection rate and a liquid injection time for each of the 
phases. 

[0012] However, in the liquid injector described above, 
when the operator enters numerical data representing 
40 injection condition such as the injection rate with a nu- 
meric keypad, the entered numerical data is only dis- 
played as text data, and thus it is difficult for the operator 
to understand intuitively the injection condition from that 
displayed data. Therefore, the operation is complicated 
45 and is not easy for an unskilled operator, and entry of 
inappropriate numerical values cannot be prevented. 
[0013] To solve the abovementioned problem, the 
present applicant has devised a liquid injector in which 
an operator enters injection conditions including a rela- 
te tionship between an injection time period and an injection 
rate to a touch panel and the entered injection condition 
is displayed on the touch panel to control the operation 
of liquid injection in real time in accordance with the in- 
jection condition, and has applied it as Japanese patent 
55 application No. 2002-099928 and Japanese patent ap- 
plication No. 2003-098057. 

[001 4] However, such detailed entries and control may 
not be required in the actual medical environment, and 
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simpler input actions and displays may be desired. In 
addition, the operator can easily understand instinctively 
the injection condition as described above, but the nu- 
merical values of the injection condition is difficult to re- 
view quickly. 

List of References 

[0015] 

Patent document 1 : Japanese laid-open patent pub- 
lication No. 2002-11096; 

Patent document 2: Japanese laid-open patent pub- 
lication No. 2002-102343. 

Disclosure of Invention 

[0016] The present invention has been made in view 
of the abovementioned problems, and it is an object of 
the present invention to provide a liquid injector which 
allows simple and easy input actions of an injection con- 
dition, instinctive understanding of the injection condition, 
and quick check of the numerical values. 
[0017] According to a first aspect and a second aspect 
of the present invention, the liquid injector injects at least 
one liquid to a patient and includes a screen displaying 
means, a condition entering means, an image producing 
means, an image displaying means, a state detecting 
means, an injection control means, and an injection per- 
forming means. 

[0018] In the liquid injector according to the first aspect 
of the present invention, the screen displaying means 
displays a condition screen with its vertical axis repre- 
senting an injection rate of the liquid and its horizontal 
axis representing an injection time period of the liquid. 
The condition entering means accepts an input action of 
at least one injection condition including an injection rate 
of the liquid relative to the injection time period. The con- 
dition storing means stores the entered injection condi- 
tion. The image producing means produces a condition 
image having a horizontal width corresponding to the in- 
jection time period and including at least the injection rate 
as text data for each of the stored injection conditions. 
The image displaying means displays the at least one 
produced condition image in the condition screen at a 
vertical position in association with the injection rate and 
a horizontal position in association with the injection time 
period. The state detecting means measures at least the 
elapsed time from the start of the injection of the liquid. 
The injection control means controls the operation of the 
injection performing means in real time in accordance 
with the measured elapsed time and the stored injection 
condition. The injection performing means performs the 
injection of the liquid. 

[001 9] Thus, in the liquid injector of the present inven- 
tion, when the operator enters the injection time period 
and the injection rate as the injection condition, the con- 
dition image having the horizontal width corresponding 



to the injection time period and including the injection 
rate as text data is displayed in the condition screen with 
its vertical axis representing the injection rate and its hor- 
izontal axis representing the injection time period at the 
5 vertical position in association with the injection rate and 
the horizontal position in association with the injection 
time period. 

[0020] In the liquid injector of the first aspect of the 
present invention, it is only necessary for the operator to 
10 enter the injection time period and the injection rate as 
the injection condition, so that the input action is simple 
and easy. Since the condition image having the horizon- 
tal width corresponding to the injection time period and 
including the injection rate as text data is displayed in the 
15 condition screen with its vertical axis representing the 
injection rate and its horizontal axis representing the in- 
jection time period at the vertical position in association 
with the injection rate and the horizontal position in as- 
sociation with the injection time period, the operator eas- 
20 j|y understands instinctively the injection condition from 
the horizontal width and the position of the condition im- 
age. In addition, the injection rate is included as text data 
in the condition image, so that the operator can quickly 
check the numerical values thereof. 
25 [0021] In the liquid injector according to the second 
aspect of the present invention, the screen displaying 
means displays a condition screen with its vertical axis 
representing an injection rate of the liquid and its hori- 
zontal axis representing an injection quantity of the liquid. 
30 The condition entering means accepts an input action of 
at least one injection condition including an injection rate 
of the liquid relative to the injection quantity. The image 
producing means produces a condition image having a 
horizontal width corresponding to the injection quantity 
35 and including at least the injection rate as text data for 
each of the stored injection conditions. The image dis- 
playing means displays the at least one produced con- 
dition image in the condition screen at a vertical position 
in association with the injection rate and a horizontal po- 
40 sition in association with the injection quantity. The state 
detecting means detects at least the injection quantity 
from the start of the injection of the liquid. The injection 
control means controls the operation of the injection per- 
forming means in real time in accordance with the de- 
45 tected injection quantity and the stored injection condi- 
tion. 

[0022] Thus, in the liquid injector of the present inven- 
tion, when the operator enters the injection quantity and 
the injection rate as the injection condition, the condition 
50 image having the horizontal width corresponding to the 
injection quantity and including the injection rate as text 
data is displayed in the condition screen with its vertical 
axis representing the injection rate and its horizontal axis 
representing the injection quantity at the vertical position 
55 in association with the injection rate and the horizontal 
position in association with the injection quantity. 
[0023] In the liquid injector of the second aspect of the 
present invention, it is only necessary for the operator to 
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enter the injection quantity and the injection rate as the 
injection condition, so that the input action is simple and 
easy. Since the condition image having the horizontal 
width corresponding to the injection quantity and includ- 
ing the injection rate as text data is displayed in the con- 
dition screen with its vertical axis representing the injec- 
tion rate and its horizontal axis representing the injection 
quantity at the vertical position in association with the 
injection rate and the horizontal position in association 
with the injection quantity, the operator easily under- 
stands instinctively the injection condition from the hori- 
zontal width and the position of the condition image. In 
addition, the injection rate is included as text data in the 
condition image, so that the operator can quickly check 
the numerical values thereof. 

[0024] The various means referred to in the present 
invention may be arranged to perform their stated func- 
tions, and may be implemented by dedicated pieces of 
hardware for performing the functions, data processing 
apparatus for performing the functions according to com- 
puter programs, functions achieved in data processing 
apparatus according to computer programs, orcombina- 
tions thereof. 

[0025] The various means referred to in the present 
invention are not required to be individually independent 
entities, and may be arranged such that a plurality of 
means may be constructed as a single apparatus, a cer- 
tain means may be part of another means, or part of a 
certain means and part of another means overlap each 
other. 

[0026] Certain terms with respect to forward, rearward, 
upward, downward, leftward, and rightward directions 
which will be referred to in the description are used for 
convenience only to simplify the illustration of relative 
positional relationships of various parts, and should not 
be interpreted as being limited to directions that are in- 
volved when the liquid injection system is manufactured 
and used. 

Brief Description of the Drawings 
[0027] 

Fig. 1 is a schematic block diagram showing a logical 
structure of a liquid injector of a diagnostic imaging 
system of an embodiment according to the present 
invention; 

Fig. 2 is a blockdiagram showing a physical structure 
of the diagnostic imaging system; 
Fig. 3 is a perspective view showing an exterior ap- 
pearance of the diagnostic imaging system; 
Fig. 4 is a perspective view showing an exterior ap- 
pearance of the liquid injector; 
Fig. 5 is a perspective view showing a manner of 
mounting syringes on a injection head of the liquid 
injector; 

Fig. 6 is a schematic front view showing a displayed 
image atthe time a schematic image of body sections 



and a condition screen with no data are displayed in 
the liquid injector; 

Fig. 7 is a schematic front view showing a displayed 
image at the time a body section is selected; 
5 Fig. 8 is a schematic front view showing a displayed 
image at the time a region to be imaged is selected 
and a condition image is displayed; 
Fig. 9 is a schematic front view showing a displayed 
image at the time text data of the region to be image 
10 is enlarged; 

Fig. 10 is a flowchart of a first part of a processing 
sequence of the liquid injector; 
Fig. 11 is a flowchart of a mid part of the processing 
sequence of the liquid injector; 
15 Fig. 1 2 is a flowchart of a last part of the processing 

sequence of the liquid injector; 
Fig. 1 3 is a flowchart of the processing sequence of 
the MRI apparatus as an imaging diagnostic appa- 
ratus; 

20 Fig. 14isaschematicfrontviewshowing a displayed 
image of the liquid injector according to a modifica- 
tion of the present invention; and 
Figs. 15a and 15b are perspective views showing 
injection heads of liquid injectors according to sec- 
25 ond modifications of the present invention. 

Best Mode for Carrying Out the Invention 

[Configuration of the embodiment] 

30 

[0028] Explanation is presented below regarding an 
embodiment of the present invention referring to draw- 
ings. The liquid injection system 1 000 of an embodiment 
according to the present invention, comprises liquid in- 

35 jector 100, liquid syringe 200 and MRI apparatus 300, 
which is a diagnostic imaging apparatus, as shown in 
Fig. 1 to Fig. 4. The system is intended for injecting a 
contrast media or the like as a liquid to a patient (not 
shown) as will be described in detail later. 

40 [0029] The MRI apparatus 300 is provided with diag- 
nostic imaging unit 301 , which is an installation for im- 
plementing imaging, and imaging control unit 302, as 
shown in Fig. 3, with diagnostic imaging unit 301 and 
imaging control unit 302 wi red-connected through com- 

45 munication network 303. Diagnostic imaging unit 301 
shoots a diagnostic image of a patient, and imaging con- 
trol unit 302 controls the operation of diagnostic imaging 
unit 301. 

[0030] Liquid syringe 200 comprises cylinder member 
50 21 0 and piston member220, wherein piston member220 
is slidably inserted into cylinder member 21 0, as shown 
in Fig. 5. Cylinder member 21 0 is provided with cylindrical 
hollow body 21 1 , which has conduit tube 21 2 formed in 
the closed leading end surface. 
55 [0031] The trailing end of body 21 1 of cylinder member 
210 is opened and piston member 220 is inserted from 
the opening into the interior of body 21 1 . Cylinder mem- 
ber 21 0 has cylinder flange 21 3 formed in the outer cir- 



15 



20 



4 



7 



EP 1 647 291 A1 



8 



cumference of the trailing end, and piston member 220 
has piston flange 221 formed in the outer circumference 
of the trailing end. 

[0032] As shown in Fig. 4, liquid injector 100 of the 
present embodiment has injection control unit 101 and 
injection head 1 10 constructed as separate units, which 
are wired-connected through communication cable 1 02. 
[0033] Injection head 1 1 0 drives installed liquid syringe 
200 to inject a liquid to a patient, and injection control 
unit 1 01 controls the operation of injection head 1 1 0. For 
this end, computer unit 120 is built in injection control unit 
101 as shown in Fig. 2, and injection control unit 101 is 
wired-connected to imaging control unit 302 of MRI ap- 
paratus 300 through communication network 304. 
[0034] Injection control unit 101 has main operation 
panel 1 03, main touch panel 1 04, which is a display pan- 
el, speaker unit 105, etc. arranged on the front face of 
main body housing 1 1 6 and is wired-connected via join- 
ing connector 1 08 to control unit 1 07, which is a separate 
unit. 

[0035] Injection head 1 1 0 is attached to the top end of 
caster stand 1 1 1 with movable arm 112, and as shown 
in Fig. 4, head body 1 13, which is the injector body, has 
concave portions 1 1 4 formed in semi cylindrical grooves 
on the upper surface to adapt for removably attaching 
liquid syringe 200. 

[0036] Concave portion 114 has cylinder-holding 
mechanism 116 for removably holding cylinder flange 
213 of liquid syringe 200 formed in the forward section 
and also has piston actuating mechanism 11 7 for holding 
and slidingly moving piston flange 221 arranged in the 
rearward section. 

[0037] Cylinder-holding mechanism 116 is formed in 
concave portions 1 1 4 in af orm of an anomalous reentrant 
groove, with which each of cylinder flanges 213 remov- 
ably engages. Piston actuating mechanisms 1 1 7 individ- 
ually have motors as power sources and slidingly move 
piston members 220 through screw mechanisms or the 
like (not shown). 

[0038] Because two concave portions 1 1 4 of Injection 
head 1 1 0 are respectively adapted for receiving CM(con- 
trast media) syringe 200C filled with a contrast media as 
a liquid and/or PS(physiological saline) syringe 200W 
filled with a physiological saline as a liquid, these two 
concave portions 114 and two piston actuating mecha- 
nisms 1 17 constitute both CM injection mechanism 1 17C 
for injecting a contrast media and PS injection mecha- 
nism 1 17W for injecting physiological saline, to a patient. 
[0039] In addition, in liquid injector 100 of the present 
embodiment at least respective elements of injection 
head 1 1 0 are formed of nonmagnetic material, and the 
portions that cannot be formed of nonmagnetic material 
are magnetically shielded. For example, piston actuating 
mechanisms 117 individually have ultrasonic motors 
118, which are free from generation of magnetic field 
even when it is operated, as drive moters. Ultrasonic mo- 
tors 1 1 8 are formed of nonmagnetic metals such as phos- 
phor bronze alloy (Cu + Sn -i-P), titanium alloy (Ti-6AI- 



4V) and magnesium alloy (Mg -i- Al -i-Zn). Screw mecha- 
nisms of piston actuating mechanisms 1 17 and the like 
are formed of nonmagnetic metals and head body 113 
and the like are formed of nonmagnetic resin. 

5 [0040] In liquid injector 100 of the embodiment, com- 
puter unit 120 controls the operation of piston actuating 
mechanism 1 1 7 of injection head 1 1 0 in accordance with 
the manual operation on main operation panel 1 03 and/or 
touch panel 104 and/or controller unit 107 of injection 

10 control unit 101. However, injection head 110 has sub 
operation panel 1 1 8 formed on an uppersurface of head 
body 1 1 3. Computer unit 1 20 also controls the operation 
of piston actuating mechanism 1 1 7 of injection head 1 1 0 
in response to manual operation on sub operation panel 

15 118. 

[0041] In addition, in liquid injector 100 of the present 
embodiment, computer unit 120 is made of a so-called 
one-chip microcomputer provided with hardware such as 
CPU (Central Processing Unit) 121, ROM (Read Only 
20 Memory) 122, RAM (Random Access Memory) 123, l/F 
(Interface) 124, etc. 

[0042] Computer unit 120 has an appropriate compu- 
ter program installed in an information storage medium 
such as ROM 122 as firmware or the like, and CPU 121 
25 executes various processes in accordance with the com- 
puter program. 

[0043] By the operation of computer unit 1 20 in accord- 
ance with the computer programs installed therein as de- 
scribed above, liquid injector 1 00 of the embodiment has 

30 logically, as various means, various functions including 
image storing function 131, section displaying function 
132, section entering function 133, region displaying 
function 134, region entering function 135, condition en- 
tering function 1 36, condition storing function 1 37, quan- 

35 tity calculating function 138, image producing function 
139, screen displaying function 141, image displaying 
function 142, rate storing function 144, alarm output func- 
tion 146, review entering function 147, state detecting 
function 148, and injection controlling function 149, as 

40 shown in Fig. 1 . 

[0044] Storing functions 131, 137, correspond to 
storage areas set up in RAM 123 for CPU 121 to recog- 
nize data stored therein according to the computer pro- 
gram. Displaying functions 132, 134, — correspond to 

45 functions of CPU 121 to display stored data from RAM 
1 23 on touch panel 1 04. 

[0045] Entering functions 133, 135, ••• correspond to 
functions of CPU 121 to recognize data based on input 
actions on main/sub operation panels 103, 118. Other 
50 various functions 138, 139, ••• correspond to functions of 
CPU 121 to process data. 

[0046] Image storing function 1 31 stores data of sche- 
matic images of a plurality of body sections of a human 
body and data of schematic images of a number of re- 
55 gions to be imaged in relation to each other. Section dis- 
playing function 132 displays schematic images of body 
sections whose data are stored by image storing function 
131 in the shape of a human body. 
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[0047] Section entering function 1 33 accepts an input 
action to select one of the body sections displayed by 
section displaying function 132. Region displaying func- 
tion 1 34 displays a schematic image of at least one region 
to be imaged which corresponds to the body section se- 
lected by section entering function 133. Region entering 
function 135 accepts an input action to select the region 
to be imaged whose image has been displayed by region 
displaying function 134. 

[0048] More specifically, liquid injector 100 defines 
"head part, chest part, abdomen part, and leg part" as a 
plurality of body sections, and data of schematic images 
corresponding to those body sections are registered in 
ROM 122. When a certain action is performed on liquid 
injector 1 00, schematic images of "head part, chest part, 
abdomen part, and leg part" in association with body 
shapes are displayed on an upper screen area of touch 
panel 1 04, as shown in Fig. 6. 

[0049] Data of schematic images of "brain part, jaw 
part, and neck part" are registered as a plurality of regions 
to be imaged in relation to the schematic image of the 
body section "head part". Similarly, data of schematic 
images of "heart part and lung part" are registered in 
relation to the schematic image of the body section "chest 
part", data of schematic images of "stomach part, liver 
part, *••" are registered in relation to the schematic image 
of the body section "abdomen part", and data of images 
of "upper part and lower part" are registered in relation 
to the schematic image of the body section "leg part". 
[0050] When one of the schematic images of the body 
sections displayed as a human body shape on touch pan- 
el 104 is manually acted upon, a schematic image of a 
scanner mechanism is displayed above only the sche- 
matic image that is acted upon, andthat schematic image 
is highlighted with the other schematic images darkened, 
as shown in Fig. 7. At the same time, the schematic im- 
ages of the regions that are related to the highlighted 
image are displayed below the displayed schematic im- 
ages of the body sections. When one of the displayed 
schematic images of the related regions is manually act- 
ed upon, that schematic image is highlighted with the 
other schematic images darkened, as shown in Fig. 8. 
[0051] Condition entering function 136 accepts an in- 
put action of an injection condition including an injection 
rate for each of injection time periods of a contrast media 
and a physiological saline for the region to be imaged 
selected by region entering function 135. Condition stor- 
ing function 137 stores the injection condition entered by 
condition entering function 1 36 for each region to be im- 
aged. 

[0052] Quantity calculating function 1 38 calculates the 
injection quantity from the injection time period and the 
injection rate for each injection condition stored by con- 
dition storing function 1 37. Image producing function 139 
produces a condition image having a horizontal width 
corresponding to the injection time period and including 
text data which represents the injection rate and the in- 
jection quality for each stored injection condition. 



[0053] As shown in Fig. 6, screen displaying function 

1 41 displays a horizontally rectangular condition screen 
with its vertical axis representing the injection rate of the 
liquid and its horizontal axis representing the injection 

5 time period. As shown in Fig. 8, image displaying function 

1 42 displays the condition image produced by image pro- 
ducing function 139 in the condition screen at the vertical 
position in association with the injection rate and the hor- 
izontal position in association with the injection time pe- 

10 riod. 

[0054] I n liquid injector 1 00 of the embodiment, the in- 
jection conditions for the contrast media and the physi- 
ological saline are individually entered as described 
above, so that the condition images thereof are produced 
15 in different colors such as green and blue, and the con- 
dition images are arranged horizontally and displayed in 
the condition screen. 

[0055] In addition, when the plurality of condition im- 
ages are arranged horizontally and displayed, a line seg- 

20 ment is displayed at the position of the border between 
them, and numerical values of the injection time are dis- 
played as text data at the lower end of the line segment. 
Thus, when a first injection time period is "20(sec)" and 
a second injection time period is "30(sec)," a first injection 

25 time and a second injection time are displayed as "20 
(sec)" and "50(sec)," respectively. 
[0056] Condition storing function 137 stores a default 
injection condition in advance for each region to be im- 
aged even when no injection condition is entered by con- 
so dition entering function 136. It also stores the previous 
injection condition entered by condition entering function 
1 36 for each region to be imaged. 
[0057] Thus, in liquid injector 1 00 of the embodiment, 
when a region to be imaged is selected as described 

35 above, a condition image with the previous injection con- 
dition, if stored, is produced and displayed even when 
no injection condition is entered for the current injection. 
If the previous injection condition is not stored, acondition 
image with the default injection condition is displayed. 

40 [0058] The input action of the injection condition by 
condition entering function 136 is performed, for exam- 
ple, by entering numerical values on operation panel 1 03, 
and also performed by directly acting upon a condition 
image displayed on touch panel 104. In this case, the 

45 operator can touch the center of the displayed condition 
image with a fingertip to move the condition image up- 
ward and/or downward with the fingertip to increase 
and/or reduce the injection rate of the injection condition. 
[0059] In addition, the operator can touch at least one 

50 of both lateral ends of the displayed condition image with 
a fingertip and moves the fingertip leftward and/or right- 
ward to increase and/or reduce the injection time period 
and/or the injection quantity of the injection condition. 
When the operatortouches with a fingertip the numerical 

55 values of the injection rate or the injection quantity of the 
displayed condition image, an image of a numeric keypad 
is displayed there (not shown), and the operator can in- 
crease and/or reduce the injection rate and/or the injec- 
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tion quantity by manually operating the numeric keypad. 
Then, the data of the stored injection condition is updated 
in response to the manual operation of the condition im- 
age as described above, and the data of the displayed 
condition image is updated in real time. 
[0060] Rate storing function 1 44 stores the upper limit 
rate of liquid injection in advance. Alarm output function 
146 outputs an alarm when the injection rate of the in- 
jection condition stored by condition storing function 1 37 
exceeds the upper limit rate. More specifically, the upper 
limit rate is registered as data for each region to be im- 
aged and each type of liquid, and is read out in associ- 
ation with the selected region to be imaged and type of 
liquid. The condition image which includes the injection 
rate exceeding the upper limit rate blinks in a dedicated 
color such as red, and a predetermined guidance mes- 
sage as "critical rate" is provided as alarm display. 
[0061] Review entering function 147 accepts an input 
action of a review instruction. As shown in Fig. 9, image 
displayingfunction 142 enlarges text data of the condition 
image when the review instruction is entered. The review 
instruction may be entered on touch panel 104 on which 
the injection condition is displayed, but it is normally en- 
tered on sub operation panel 1 1 8 of injection head 1 10 
separate from touch panel 104. 

[0062] As shown in Fig. 8, the condition image is dis- 
played as a horizontal rectangle having semicircular 
shape at both ends in the embodiment. Generally, item 
names as "rate" "quantity" are displayed as text data at 
predetermined positions in upper portions inside the rec- 
tangle, and the numerical values and their units as 
"2.0ml_/sec" "4.0ml" are displayed as text data under the 
associated item names. 

[0063] However, when the review instruction is en- 
tered as described, as shown in Fig. 9, the text data rep- 
resenting the item names as "rate" and the units as 
"ml_/sec" are displayed over the condition image, and 
only the text data representing the numerical values as 
"2.0" is enlarged in the condition image. 
[0064] When liquid injection is performed in response 
to manual operation on touch panel 1 04 or the like, state 
detecting function 148 measures the elapsed time from 
the start of the injection. Injection controlling function 1 49 
sequentially controls the operation of the plurality of pis- 
ton actuating mechanisms 1 1 7 in real time based on the 
elapsed time measured by state detecting function 148 
and the plurality of stored injection conditions. 
[0065] While the above various functions of liquid in- 
jector 1 00 are accomplished by pieces of hardware such 
as touch panel 1 04, if necessary, they are mainly imple- 
mented by CPU 1 21 as a piece of hardware as itf unctions 
according to resources stored in an information storage 
medium such as ROM 122, etc. , and the computer pro- 
gram. 

[0066] Such resources are formed of, for example, a 
data file including schematic images of a plurality of body 
sections of a human body and schematic images of a 
number of regions to be imaged in relation to each other, 



a data file including injection conditions of CM/PS injec- 
tion mechanisms 1 1 7C and 1 1 7W for each of the number 
of regions to be imaged of a human body, a data file 
including the upper limit rates of CM/PS injection mech- 
5 anisms 1 1 7C, 1 1 7W for each region to be imaged, or the 
like. 

[0067] The abovementioned computer program is 
stored in an information storage medium such as RAM 
1 23 as software for causing CPU 1 21 or the like to per- 
10 form processing operations such as display of schematic 
images of the plurality of body sections registered as data 
in RAM 1 23 or the like in the shape of a human body on 
touch panel 1 04 and display of a condition screen of hor- 
izontal rectangle, under the schematic images, with the 
15 vertical axis representing the injection rate of the liquid 
and the horizontal axis representing the injection time 
period, reception of an input action on touch panel 104 
to select one of the plurality of body sections displayed 
as the image, display of the schematic image of at least 
20 one region to be imaged in association with the selected 
body section, reception of an input action to select the 
region to be imaged displayed as the image, display of 
the injection condition registered as data in association 
with the selected region to be imaged together with the 
25 condition screen, reading of the previous injection con- 
ditions of the contrast media and physiological saline for 
the selected region to be imaged from RAM 123 or the 
like, reading of the default injection condition when the 
previous injection condition is not stored, calculation of 
30 the injection quantity from the injection time period and 
the injection rate for each of the stored injection condi- 
tions, production of the condition image having the hor- 
izontal width corresponding to the injection time period 
and including the injection rate and the injection quantity 
35 as text data for each of the stored injection conditions, 
display of the produced condition image in the injection 
screen at the vertical position in association with the in- 
jection rate and the horizontal position in association with 
the injection time period, reception of an input action of 
40 the injection condition as edit operation of the displayed 
condition image, storage of the newly input injection con- 
dition to reflect it on the data production for the condition 
image and display thereof, output of an alarm when the 
injection rate of the stored injection condition exceeds 
45 the upper limit rate, enlargement of the text data of the 
condition image displayed on touch panel 104 when a 
review instruction is entered on the sub operation panel 
118 or the like, performance of the liquid injection in re- 
sponse to manual operation on touch panel 104 or the 
50 like, calculation of the elapsed time from the start of the 
injection, and sequential control of the operation of the 
plurality of piston actuating mechanisms 1 1 7 in real time 
based on the elapsed time and the plurality of stored 
injection conditions. "Operation of Embodiment " 
55 [0068] For using liquid injector 100 of the above con- 
struction, the operator (not shown) positions liquid injec- 
tor 100 near imaging unit 301 of MRI apparatus 300 as 
shown in Fig. 3. Then, as shown in Fig. 5, the operator 
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connects liquid syringes 200C, W of a contrast media 
and a physiological saline to the patient (not shown) 
placed in imaging unit 301 with bifurcated extension tube 
230. Cylinder members 210 of liquid syringes 200 are 
held in respective concave portions 1 14 of injection head 
110, and piston members 220 are gripped by piston ac- 
tuating mechanisms 1 1 7. 

[0069] Next, the operator activates liquid injector 100 
by an input action on main operation panel 103 or the 
like. Then, as shown in Figs. 6 and 1 0, schematic images 
of a plurality of body sections are displayed in the shape 
of a human body in an upper portion of touch panel 1 04, 
and under the schematic images, a horizontally rectan- 
gular condition screen is displayed with the vertical axis 
representing the injection rate of the liquid and the hori- 
zontal axis representing the injection time period (Step 
S1). 

[0070] If the operator touches, with a fingertip, one of 
the schematic images of the body sections displayed on 
touch panel 1 04 to select the touched schematic image 
of the body section (Step S2), then, as shown in Fig. 7, 
the selected schematic image of the body section is high- 
lighted with the other schematic images darkened, and 
a schematic image of a scanner mechanism is also dis- 
played above the selected schematic image of the body 
section. 

[0071] At the same time, schematic images of a plu- 
rality of regions to be imaged which are related to the 
selected body section are read and displayed below the 
displayed schematic images of the body sections (Steps 
S3, S4). If the operator touches one of the schematic 
images of the regions to select the touched schematic 
image of the region (Step S5), then only the selected 
schematic image of the region is highlighted with the oth- 
er schematic images darkened, as shown in Fig. 8. 
[0072] When the region to be imaged is selected as 
described above, liquid injector 1 00 of the embodiment 
checks whether the previous injection condition associ- 
ated with the selected region to be imaged is registered 
as data in RAM 1 23 (step S6). If the data is not registered, 
the default injection condition is read out (step S7). If the 
data is registered, the previous injection condition is read 
out (step S8). In liquid injector 100 of the embodiment, 
the contrast media and the physiological saline are ba- 
sically injected sequentially, so that the injection condi- 
tions of the contrast media and the physiological saline 
are registered in association with a region to be imaged, 
and these injection conditions are read out. 
[0073] Since the injection conditions thus read out in- 
clude the injection time period and the injection rate set 
as data, the injection time period is multiplied by the in- 
jection rate to calculate the injection quantity for each 
injection condition (step S9). Then, the condition image 
is produced for each injection condition to have a hori- 
zontal width corresponding to the injection time period 
and to include the injection rate and injection quantity as 
text data (step S10). As shown in Fig. 8, the condition 
image is displayed in the condition screen at the vertical 



position in association with the injection rate and the hor- 
izontal position in association with the injection time pe- 
riod (steps S12, S13). 

[0074] Atthis point, since the condition images are pro- 

5 duced from the injection conditions of the contrast media 
and physiological saline as described above, the condi- 
tion images are displayed in green and blue, respectively, 
and arranged horizontally. It is determined whether or 
not the injection rate exceeds the upper limit rate for each 

10 injection condition (step S1 1 ). For the injection condition 
with the excessive injection rate, the condition image 
blinks in red to output a rate alarm (step S12). 
[0075] As shown in Fig. 11, liquid injector 100 of the 
embodiment can start injection operation in the above- 

15 mentioned state (step S18 and after), later described in 
detail. However, the injection condition can be changed 
as desired (steps S13, A14). In that case, for example, 
the operator can touch the center of the condition image 
displayed on touch panel 1 04 with a fingertip to move the 

20 condition image upward and/or downward with the fin- 
gertip to increase and/or reduce the injection rate of the 
injection condition. 

[0076] In addition, the operator can touch at least one 
of both of lateral ends of the displayed condition image 
25 with a fingertip and moves the fingertip leftward and/or 
rightward to increase and/or reduce the injection time 
period and/or the injection quantity of the injection con- 
dition. When the operator touches with a fingertip the 
numerical values of the injection rate and/or the injection 
30 quantity of the displayed condition image, an image of a 
numeric keypad is displayed there (not shown), the op- 
erator can increase and/or reduce the injection rate 
and/or the injection quantity by manually operating the 
numeric keypad. 
35 [0077] When the condition image is manually acted 
upon to enter the injection condition in this manner (step 

51 4) , that is stored as the current injection condition (step 

515) , and the data production of the condition image is 
performed in real time (steps S8 to S14). 

40 [0078] I n the normal operation using liquid injector 1 00, 
the operator checks the mounting of liquid syringe 200 
on injection head 1 1 0, the coupling of liquid syringe 200 
to extension tube 230 to the patient, or the like, before 
liquid injection is started. Whens liquid injector 100 is 
45 used near MRI apparatus 300, only injection head 110 
is placed near diagnostic imaging unit 301 of MRI appa- 
ratus 300 and injection control unit 101 is placed at a 
position away therefrom, in view of the influence on the 
magnetic field. 

50 [0079] When the operator performs check operation 
near injection head 110 before liquid injection is started, 
the operator stays away from injection control unit 101, 
so that it is not easy to visually check the injection con- 
dition of the condition image displayed on touch panel 
55 1 04. 

[0080] Thus, when the operator wishes to review the 
injection condition, the operator enters a review instruc- 
tion on sub operation panel 118 of injection head 110 
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(step S16). Then, as shown in Fig. 9, text data of the 
numerical values of the injection rate and injection quan- 
tity displayed in the condition image is enlarged (step 
S1 7). The operator can easily review the injection con- 
dition of the condition image displayed on touch panel 
1 04 of injection control unit 1 01 . 

[0081] When the operator makes an input action to 
start the operation on operation panel 1 03 of liquid injec- 
tor 100 with the preparation for injection operation com- 
pleted as described above, liquid injector 100 senses it 
and sends data to start operation to MRI apparatus 300 
(steps S18, S21). As shown in Fig. 13, MRI apparatus 
300, upon reception of the data to start the operation from 
liquid injector 100 (step T2), sends data to start the op- 
eration back to liquid injector 100 and performs imaging 
operation (step T8). 

[0082] As shown in Fig. 1 1 , liquid injector 1 00, to which 
the data to start the operation is sent back from MRI ap- 
paratus 300 (step S22), performs a series of liquid injec- 
tion operations (step S25 and after). In this case, the 
elapsed time after the start of the injection is measured 
(step S25). The operations of CM injection mechanism 
1 1 7 and PS injection mechanism 1 1 7W are sequentially 
controlled in real time based on the elapsed time and the 
read injection condition (step S26). 
[0083] For this end, the imaging operation of MRI ap- 
paratus 300 follows up the liquid injection made by liquid 
injector 1 00 in the diagnostic imaging system 1 000 of this 
embodiment. For reference, in diagnostic imaging sys- 
tem 1000 of the present embodiment, when liquid injector 
100 is in ready state as described above (Steps S14 to 
S20) and an input operation is made to command MRI 
apparatus 300 to start an imaging operation (Step T1) 
as shown in Fig. 13, liquid injection of liquid injector 100 
follows up the diagnostic imaging of MRI apparatus 300 
(Steps T4, T6,-, S19, S24,-). 

[0084] Further, in liquid injector 100 and MRI appara- 
tus 300 of the present embodiment, if an occurrence of 
abnormality is detected in ready state described above 
(Steps S20, T3), or if an occurrence of abnormality is 
detected in the course of making an operation (Steps 
S27, T9), the occurrence of abnormality is notified (Steps 
S29, T16) and also a break of the operation is executed 
(Steps S32, T18). 

[0085] Since the occurrence of abnormality is notified 
also to another apparatus (Steps S30, T15), the other 
apparatus that receives the notification of the occurrence 
of abnormality (Steps T1 0, S28) also provides a notifica- 
tion of the occurrence of abnormality (Steps T16, S29). 
Further, since a break of an operation in one apparatus 
is also notified to another apparatus (Steps S31, T17), 
the other apparatus that receives the notification of the 
break of the operation (Steps T1 3, S35) also executes a 
break of an operation (Steps T18, S32). 
[0086] Furthermore, when an input operation is made 
in one apparatus to command to break an operation 
(Steps S33, T1 1), the beak of an operation is executed 
in the apparatus of interest (Steps S32, T18) and also 



notified to another apparatus (Steps S31 , T17). As a re- 
sult, the beak of an operation is executed (Steps T18, 
S32) in the other apparatus that receives the notification 
(Steps T13, S35). 

5 [0087] Furthermore, when the completion of the oper- 
ation is detected in one apparatus (Steps S36, T14), the 
completion of the operation is executed in the apparatus 
of interest (Steps S37, T19) and also notified to another 
apparatus (Steps S38, T20). As a result, the completion 

10 of the operation is executed (Steps T1 8, S32) in the other 
apparatus that receives the notification (Steps T1 2, S35) 

"Effect of the Embodiment " 

15 [0088] As shown in Fig. 8, in liquid injector 100 of the 
embodiment, the condition image forthe injection condi- 
tion including the injection rate as text data and having 
the horizontal width corresponding to the injection time 
period is displayed in the condition screen with the ver- 
20 tical axis representing the injection rate andthe horizontal 
axis representing the injection time period at the vertical 
position in association with the injection rate and the hor- 
izontal position in association with the injection time pe- 
riod. Thus, the operator easily understands instinctively 
25 the injection condition from the horizontal width and the 
position of the condition image, and also, since the text 
data of the injection rate is included in the condition im- 
age, the operator can quickly review the numeric values. 
[0089] In addition, in liquid injector 100 of the embod- 
30 iment, the operation of piston actuating mechanism 1 1 7 
is controlled in real time based on the injection condition 
and the elapsed time, so that the liquid can be injected 
to the patient at the appropriate rate for the appropriate 
time period. Particularly, since the injection conditions of 
35 the contrast media and physiological saline are automat- 
ically arranged sequentially, CM/PS injection mecha- 
nisms 117C, 117W can automatically be operated se- 
quentially to inject the contrast media and physiological 
saline into the patient in an appropriate order. 
40 [0090] Since only the injection time period and the in- 
jection rate are necessary for the input action of the in- 
jection condition, the input action is simple and easy. Par- 
ticularly, the injection condition can be registered as data 
for each region to be imaged of a human body, and when 
45 a region to be imaged is selected by an input action, the 
previous injection condition is automatically read out to 
display the condition image including that injection con- 
dition, so that the injection condition does not need to be 
entered each time, and the liquid can be injected under 
50 an appropriate condition for each region to be imaged. 
[0091 ] When the previous injection condition is not reg- 
istered as data, the default injection condition is read out 
to display the condition image including the default con- 
dition, the liquid can be injected under an appropriate 
55 injection condition for each region to be imaged even 
when the injection condition is not entered. The input 
action of the injection condition can be performed by man- 
ually acting upon the displayed previous condition image 
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or default condition image, so that the input action is ex- 
tremely simple and easy. 

[0092] Particularly, since the condition image is display 
on touch panel 104 and manually acted upon, the oper- 
ator can directly act upon the condition image manually. 
Also, the operator can touch the center of the displayed 
condition image with a fingertip to move the condition 
image upward and/or downward with the fingertip to in- 
crease and/or reduce the injection rate of the injection 
condition, so thatthe injection rate can be changed simply 
and easily. 

[0093] In addition, the operator can touch at least one 
of both of lateral ends of the displayed condition image 
with a fingertip and moves -the fingertip leftward and/or 
rightward to increase and/or reduce the injection time 
period and the injection quantity of the injection condition. 
Thus, the injection time period and the injection quantity 
can be changed simply and easily. When the operator 
touches with a fingertip the numerical values of the in- 
jection rate and the injection quantity of the displayed 
condition image, an image of a numeric keypad is dis- 
played there, the operator can manually operate the nu- 
meric keypad to simply and easily change the injection 
rate and the injection quantity. 

[0094] In addition, when the injection rate and the in- 
jection time period are entered as described above, the 
injection quantity is automatically calculated and provid- 
ed as text data in the condition image, so thatthe operator 
can see the injection quantity only by entering the injec- 
tion rate and the injection time period. Also, when the 
operator enters a review instruction to liquid injector 1 00, 
the text data of the condition image is enlarged, so that 
the operator can favorably review the injection rate and 
the injection quantity. 

[0095] Particularly, in liquid injector 1 00 of the embod- 
iment, injection control unit 101 on which the condition 
image is displayed is separate from injection head 110 
on which the check operation is performed, but when a 
review instruction is entered to injection head 110, the 
text data of the condition image displayed on injection 
control unit 1 01 is enlarged, so that the operator perform- 
ing the check operation on injection head 110 can favo- 
rably review the injection rate and the injection quantity 
of the injection condition displayed on injection control 
unit 101. 

[0096] As shown in Fig. 8, the text data of the condition 
image is produced as a combination of the numeric value 
with its unit. However, as shown in Fig. 9, only the text 
data of numerical value is enlarged and the text data of 
the unit is displayed outside the condition image. Thus, 
only the required information can be enlarged without 
unnecessarily enlarging the whole condition image. 
[0097] Since liquid injector 1 00 of the embodiment dis- 
plays the condition images of the contrast media and the 
physiological saline in individually dedicated colors, the 
operator can make a clear distinction between the injec- 
tion conditions of the contrast media and the physiolog- 
ical saline. In addition, since the rate alarm is output when 



the injection rate of the injection condition exceeds the 
upper limit rate, it is possible to prevent the liquid from 
being injected into the patient at a critical rate. 
[0098] Specifically, since the rate alarm is performed 

5 by displaying the condition image in the alarm color and 
blinking it, it is possible to simply and reliably notify the 
operator that the injection rate is a critical rate. In addition, 
the injection conditions of the contrast media and the 
physiological saline are normally displayed in blue and 

10 green, but they are displayed in the complementary color 
or red when the rate thereof is at a critical rate, so that 
the operator can be notified clearly thatthe injection rate 
is a critical rate. 

[0099] In liquid injector 100 of the embodiment, the 
15 schematic images of a plurality of body sections are dis- 
played in the shape of a human body on touch panel 1 04. 
When the operator manually acts upon one of them as 
desired, the schematic images of the plurality of regions 
to be imaged associated with the body section acted upon 
20 are displayed. When the operator manually acts upon 
one of them as desired, one region to be imaged is se- 
lected. Thus, the selection of a region to be imaged for 
use in data registration or data reading for the injection 
condition can be performed reliably with simple opera- 
25 tion. 

[01 00] Since liquid injector 1 00 displays schematic im- 
ages of a plurality of body sections in the shape of a 
human body, the operator is allowed to select any of the 
body sections easily and reliably. Because schematic im- 
30 ages of body sections and regions to be imaged are dis- 
played on touch panel 1 04 and can directly be manually 
acted upon, they can be touched and selected easily and 
reliably. 

[0101] Still further, in liquid injection system 1000 of 
35 the present embodiment, since the liquid injection per- 
formed by liquid injector 1 00 and the shooting of images 
made by MR I apparatus 300 are automatically linked to 
each other, it is enabled to shoot in appropriate timings 
diagnostic images from the patient, who has had sequen- 
ce tial injection treatments of a contrast media and a phys- 
iological saline in proper timings, 

"Modifications of Embodiment " 

45 [0102] The present invention is not in any way limited 
to the above-described embodiment, but various chang- 
es or modifications may be made therein without depart- 
ing from the scope of the invention. For example, al- 
though liquid injector 1 00 according to the above embod- 
50 iment has CM and PS injection mechanisms 117C, W 
for injecting a contrast media and a saline solution, the 
present invention is also applicable to a liquid injector 
having a single piston actuating mechanism 1 17 for in- 
jecting a contrast media only (not shown). 
55 [0103] In liquid injector 100 of the above embodiment, 
a single injection condition is entered for a single liquid. 
However, as shown in Fig. 1 4, a plurality of injection con- 
ditions can be entered for a single liquid. In this case, 
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since the injection rate of the contrast media can be var- 
iable in a plurality of levels, the injection operation can 
be performed more precisely. In addition, the liquid in- 
jection can be automatically stopped temporarily for a 
predetermined time period by inserting the injection rate 
of "zero" into the plurality of injection conditions. 
[0104] Although the input action of the injection condi- 
tion and the image display are simultaneously performed 
on touch panel 104 in the above embodiment, it is pos- 
sible that a display panel and a pointing device as sep- 
arate units are used to perform image display and an 
input action of the injection condition respectively (not 
shown), for example. 

[0105] In the above embodiment, the condition screen 
and/orthe schematic images of body sections registered 
electronically as data are displayed on touch panel 1 04. 
However, the condition screen and/orthe schematic im- 
ages of body sections can be formed fixedly, for example 
by painting at a predetermined position on the surface. 
[0106] In the above embodiment, the data of an injec- 
tion condition for each region to be imaged is registered, 
and then read for a desired region to be imaged for con- 
trolling the injection of a liquid. There are various other 
conditions than the selection of a region to be imaged for 
an optimum injection of a liquid such as a contrast media. 
[0107] For example, the actual contrast media for use 
on MRI apparatus 300 contains an effective component 
of iodine whose concentration differs from product to 
product. Imaging conditions differ with body weights of 
patients to be imaged. As disclosed in Japanese patent 
application No. 2003-039756 filed by the present appli- 
cant, the data of the weight of a patient and the type of 
a contrast media used may be entered into the liquid 
injector, and an injection condition may be adjusted de- 
pending on the entered data. 

[0108] In the above embodiment, a contrast media and 
a saline solution are sequentially injected according to 
an injection condition. However, as disclosed in Japa- 
nese patent application No. 2002-363675, it is possible 
to dilute a contrast media with a saline solution and inject 
the diluted contrast media according to an injection con- 
dition. 

[0109] In the above embodiment, the injection condi- 
tion is entered manually to liquid injector 100. The data 
of the injection condition may be registered on an infor- 
mation storage medium such a PC card in advance and 
the injection condition may be downloaded from the in- 
formation storage medium to liquid injector 100. 
[0110] The data of an injection condition may be reg- 
istered in an external database server, and liquid injector 
100 may download the registered data on-line from the 
external database server. Similarly, the data of an injec- 
tion condition may be registered in a host computer of 
the manufacturer of liquid injector 1 00, and liquid injector 
1 00, which is installed in a medical facility, may download 
the registered data from the host computer through the 
Internet. 

[0111] In the above embodiment, the data of the de- 



fault injection condition recommended by the manufac- 
turer is registered in liquid injector 100. However, it is 
possible to manufacture and sell liquid injector 100 with 
no injection condition registered. In addition, although 

5 liquid injector 1 00 stores and automatically displays the 
previous injection condition in the above embodiment, 
such data storage may not be performed, and the data 
of the injection conditions provided from several injec- 
tions may be stored and selectively displayed by manual 

10 operation. 

[0112] In the above embodiment, touch panel 104 is 
mounted on the upper surface of injection control unit 
101 of liquid injector 100, and injection head 110 is 
mounted on the upper end of movable arm 1 09 which is 

15 vertically mounted on the side wall of injection control 
unit 101 . However, as shown in Figs. 15a and 15b, touch 
panel 1 04 may directly be connected to injection head 
1 10 parallel thereto. 

[01 1 3] Since touch panel 1 04 is positioned adjacent to 
20 CM and PS injection mechanisms 1 1 7C, W, the operator 
can directly and easily recognize entered injection con- 
ditions when the injection conditions for CM and PS in- 
jection mechanisms 11 7C, W are displayed on touch 
panel 1 04. 

25 [0114] In the above embodiment, the horizontal axis 
of the condition screen represents the injection rate, and 
the injection condition is made up of the injection rate 
and the injection time period. The horizontal axis of the 
condition screen may represent the injection quantity, 
30 the injection condition may be made up of the injection 
rate and the injection quantity, and the condition image 
may have a horizontal width corresponding to the injec- 
tion quantity and include the injection rate as text data. 
In this case, the liquid injector may automatically calcu- 
35 late the injection time period from the injection rate and 
the injection quantity and providetheinjectiontime period 
as text data in the condition image. 
[0115] In the above embodiment, when the injection 
rate exceeds the upper limit rate, the color of the condition 
40 image is changed and blinked to output a rate alarm. For 
example, a guidance message as "Critical rate, check 
the setting" may be provided as an alarm display in the 
condition image, and/or a dedicated icon may be provid- 
ed as an alarm image. In addition, a portion of the con- 
45 dition image equal to or lower than the upper limit rate is 
colored differently from the portion higherthan the upper 
limit rate to notify the operator that the injection rate ex- 
ceeds the upper limit rate. 

[01 16] I n the above embodiment, the data of the injec- 
50 tion condition is registered for each region to be imaged 
in liquid injector 100 and when the operator selects one 
of the regions to be imaged, the associated injection con- 
dition is read out. However, the operator may enter the 
injection condition to liquid injector 100 and then select 
55 the region to be imaged, and thus liquid injector 1 00 may 
automatically correct the data of the injection condition 
for the region to be imaged. 

[0117] More specifically, a predetermined coefficient 
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is registered for each region to be imaged of a patient in 
liquid injector 100, liquid injector 100 reads the data of 
the coefficient associated with the selected region to be 
imaged, and the read coefficient is multiplied, thereby 
allowing liquid injector 1 00 to increase and/or reduce the 
injection rate, injection time period, and/or injection quan- 
tity. In this case, for example, even when a complicated 
injection condition is entered to provide a constant image 
contrast, the complicated injection condition may be eas- 
ily applied to various regions to be imaged. 
[01 18] In addition, when the operator enters the details 
of the body of apatientto liquid injector 1 00, liquid injector 
100 may automatically correct the injection condition in 
accordance with the entered details of the body. More 
specifically, when the operator enters the weight of a pa- 
tientto liquid injector 1 00, liquid injector 1 00 may increase 
and/or reduce the injection rate, injection time period, 
and/or injection quantity in proportion to the entered 
weight. 

[0119] In this case, a complicated injection condition 
entered to provide a constant image contrast can be sim- 
ply adjusted, andthe contrast media can be automatically 
injected with an appropriate quantity, rate, and time pe- 
riod for each patient. 

[0120] Since there are a plurality of types of contrast 
media containing effective components at different con- 
centrations, the data of the concentrations forthe respec- 
tive types of contrast media can be registered in liquid 
injector 100. In this case, when the operator enters the 
data of the type of the contrast media to liquid injector 
1 00, liquid injector 1 00 reads the data of the concentra- 
tion based on the entered type of the contrast media and 
increases and/or reduce the injection rate, injection time 
period, and/or injection quantity in inverse proportion to 
the read data of the concentration, so that the contrast 
media of each type can be automatically injected appro- 
priately to the patient. 

[0121] Naturally, the abovementioned adjustments of 
the injection conditions based on the region to be imaged, 
the weight, and the type of the contrast media can be 
combined. In this case, the injection condition entered 
by the operator as desired is increased and/or reduced 
by multiplication by the coefficient of the region to be 
imaged, increased and/or reduced in proportion to the 
weight, and/or increased and/or reduced in accordance 
with the type of the contrast media. 
[0122] In the above embodiment, MRI apparatus 300 
is used as an imaging diagnostic apparatus, and liquid 
injector 100 injects a contrast media for use therewith 
into patients. However, a MRI apparatus or a PET appa- 
ratus may be used as an imaging diagnostic apparatus, 
and liquid injector 100 may inject a contrast media for 
use therewith into patients. 

[0123] In the above embodiment, CPU 121 operates 
according to the computer program stored in RAM 123 
to logically perform the various functions as the various 
means of liquid injector 100. However, the above func- 
tions may be implemented by pieces of hardware, or 



some of the functions may be stored as software in RAM 
1 23 and the others implemented by pieces of hardware. 

5 Claims 

1. A liquid injector for injecting at least one liquid into a 
patient, comprising: 

at least one injection performing means for per- 
forming injection of the liquid; 
screen displaying means for displaying a condi- 
tion screen with its vertical axis representing an 
injection rate of the liquid and its horizontal axis 
representing an injection time period of the liq- 
uid; 

condition entering means for accepting an input 
action of at least one injection condition includ- 
ing an injection rate of the liquid relative to the 
injection time period; 

condition storing means for storing the entered 
injection condition; 

image producing means for producing a condi- 
tion image having a horizontal width corre- 
sponding to the injection time period and includ- 
ing at least the injection rate as text data for each 
of the injection conditions; 
image displaying means for displaying the at 
least one produced condition image in the con- 
dition screen at a vertical position in association 
with the injection rate and a horizontal position 
in association with the injection time period; 
state detecting means for measuring at least the 
elapsed time from the start of the injection of the 
liquid; and 

injection control means for controlling the oper- 
ation of the injection performing means in real 
time in accordance with the measured elapsed 
time and the stored injection condition. 

2. A liquid injector according to claim 1, further com- 
prising quantity calculating means for calculating an 
injection quantity of the liquid for each of the injection 
conditions, 

wherein the image producing means produces the 
condition image also including the injection quantity 
as text data. 

3. A liquid injector for injecting at least one liquid into a 
patient, comprising: 

at least one injection performing means for per- 
forming injection of the liquid; 
screen displaying means for displaying a condi- 
tion screen with its vertical axis representing an 
injection rate of the liquid and its horizontal axis 
representing an injection quantity period of the 
liquid; 
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condition entering means for accepting an input 
action of at least one injection condition includ- 
ing an injection time period of the liquid relative 
to the injection quantity; 

condition storing means for storing the entered 5 
injection condition; 

image producing means for producing a condi- 
tion image having a horizontal width corre- 
sponding to the injection quantity and including 
at least the injection rate as text data for each 10 
of the injection conditions; 
image displaying means for displaying the at 
least one produced condition image in the con- 
dition screen at a vertical position in association 
with the injection rate and a horizontal position 15 
in association with the injection quantity; 
state detecting means for detecting at least the 
injection quantity from the start of the injection 
of the liquid; and 

injection control means for controlling the oper- 20 
ation of the injection performing means in real 
time in accordance with the detected injection 
quantity and the stored injection condition. 

4. A liquid injector according to claim 3, further com- 25 
prising time period calculating means for calculating 
an injection time period of the liquid for each of the 
injection conditions, 

wherein the image producing means produces the 
condition image also including the injection time pe- so 
riod as text data. 



7. A liquid injector according to any one of claims 1 to 

6, comprising a plurality of the injection performing 
means, 

wherein the image producing means produces the 
condition image in a difference color for each of the 
liquids, and 

the image displaying means displays the produced 
condition image for each of the liquids in a different 
color in the condition screen. 

8. A liquid injector according to any one of claims 1 to 

7, wherein the condition entering means accepts an 
input action to move the condition image displayed 
by the image displaying means upward and/or down- 
ward and to move both of lateral ends of the condition 
image leftward and/or rightward. 

9. A liquid injector according to any one of claims 1 to 

8, further comprising: 

rate storing means for storing an upper limit rate 
of the liquid injection in advance; and 
an alarm outputting means for outputting an 
alarm when the injection rate of the stored injec- 
tion condition exceeds the upper limit rate. 

10. A liquid injector according to claim 9, wherein the 
alarm outputting meanscauses the image displaying 
means to display the condition image of the injection 
condition including the injection rate higher than the 
upper limit rate in a dedicated color. 



5. A liquid injector according to any one of claims 1 to 

4, wherein the condition entering means accepts an 
input action of a plurality of the injection conditions 35 
for the one injection performing means, 

the condition storing means stores a plurality of the 
injection conditions, 

the image displaying means displays the plurality of 
the produced condition images sequentially ar- 40 
ranged horizontally in the condition screen, and 
the injection control means sequentially controls the 
operation of the one injection performing means in 
accordance with the plurality of the injection condi- 
tions. 45 

6. A liquid injector according to any one of claims 1 to 

5, comprising a plurality of the injection performing 
means, 

wherein the condition entering means accepts an 50 
input action of at least one of the injection conditions 
for each of a plurality of the liquids, 
the condition storing means stores a plurality of the 
injection conditions, and 

the injection control means sequentially controls the 55 
operation of the plurality of the injection performing 
means in accordance with the plurality of the injec- 
tion conditions. 



1 1 . A liquid injector according to claim 9 or 1 0, wherein 
the alarm outputting means causes the image dis- 
playing means to blink the condition image of the 
injection condition including the injection rate higher 
than the upper limit rate. 

12. A liquid injector according to any one of claims 9 to 

1 1 , wherein the alarm outputting means causes the 
image displaying means to display an alarm image 
added to the condition image of the injection condi- 
tion including the injection rate higherthan the upper 
limit rate. 

13. A liquid injector according to any one of claims 1 to 

12, wherein the image displaying means displays a 
portion of the condition screen equal to or lowerthan 
the upper limit rate of the liquid injection in a different 
colorfrom a color of a portion of the condition screen 
higher than the upper limit rate. 

14. A liquid injector according to any one of claims 1 to 

1 3, further comprising review entering means for ac- 
cepting an input action of a review instruction, 
wherein the image displaying means enlarges the 
text data of the condition image when the review in- 
struction is entered. 
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15. A liquid injector according to claim 14, wherein the 
image producing means produces the text data of 
the condition image as a combination of a numerical 
value and its unit, and 

the image displaying means enlarges only the text 
data of the numerical value when the review instruc- 
tion is entered. 

16. A liquid injector according to claim 15, wherein the 
image displaying means displays the text data of the 
unit outside the condition image when the review in- 
struction is entered. 

1 7. A liquid injector according to any one of claims 1 4 to 

1 6, further comprising a cylinder holding mechanism 
for removably holding a cylinder member of a liquid 
syringe including the cylinder member filled with the 
liquid and a piston member slidably inserted into the 
cylinder member, 

wherein the injection performing means comprising 
a piston actuating mechanism for sliding the piston 
member of the held liquid syringe, 
the image displaying means is placed at a position 
separate from the cylinder holding mechanism and 
the piston actuating mechanism, and 
the review entering means is placed at a position 
close to the cylinder holding mechanism and the pis- 
ton actuating mechanism. 

18. A liquid injector according to any one of claims 1 to 

1 7, further comprising a display panel for performing 
display of various data and a cylinder holding mech- 
anism for removably holding a cylinder member of a 
liquid syringe including the cylinder member filled 
with the liquid and a piston member slidably inserted 
into the cylinder member, 

wherein the injection performing means comprising 
a piston actuating mechanism for sliding the piston 
member of the held liquid syringe, 
the screen displaying means causes the display pan- 
el to display the condition screen, and 
the display panel is provided together with at least 
one of the cylinder holding mechanism and the piston 
actuating mechanism. 

19. A liquid injector according to any one of claims 1 to 
1 7, further comprising a touch panel for performing 
display and accepting an input action of various data, 
wherein the screen display means causes the touch 
panel to display the condition screen, 

the condition entering means accepts an input action 
of the injection condition on the touch panel, and 
the image displaying means causes the touch panel 
to display the image of the injection condition. 

20. A liquid injector according to claim 1 9, further com- 
prising a cylinder holding mechanism for removably 
holding a cylinder member of a liquid syringe includ- 



ing the cylinder member filled with the liquid and a 
piston member slidably inserted into the cylinder 
member, 

wherein the injection performing means comprising 
5 a piston actuating mechanism for sliding the piston 
member of the held liquid syringe, and 
the touch panel is provided together with at least one 
of the cylinder holding mechanism and the piston 
actuating mechanism. 

21. A liquid injector according to any one of claims 1 to 

20, wherein the condition storing means stores at 
least one of the injection condition of previous injec- 
tion and the injection condition as a default, 
the image producing means produces the condition 
image from the injection condition stored before new 
entry of the injection condition, and 
the condition entering means accepts edit operation 
of the injection condition displayed on the condition 
screen as an input action of the new injection con- 
dition. 

22. A liquid injector according to any one of claims 1 to 

21 , further comprising image storing means for stor- 
ing schematic images of a plurality of body sections 
of a human body and schematic images of a number 
of regions to be imaged in relation to each other, 
section displaying means for displaying the sche- 
matic images of the plurality of body sections in the 
shape of a human body, section entering means for 
accepting an input action to select one of the plurality 
of displayed body sections, region displaying means 
for displaying a schematic image of at least one of 
the regions to be imaged in association with the se- 
lected body section, and section entering means for 
accepting an input action to select the displayed re- 
gion to be imaged, 

wherein the injection performing means injects at 
least a contrast media as the liquid to the patient 
whose fluoroscopic image is to be imaged by an im- 
aging diagnostic apparatus, 

the condition entering means accepts an input action 
of the injection condition for each of the number of 
regions to be imaged of a human body, 
the condition storing means stores the injection con- 
dition for each of the regions to be imaged, and 
the injection control means controls the operation of 
the injection performing means in accordance with 
the injection condition of the selected region to be 
imaged. 

23. A liquid injector according to any one of claims 1 to 
21 , further comprising image storing means for stor- 
ing schematic images of a plurality of body sections 
of a human body and schematic images of a number 
of regions to be imaged in relation to each other, 
section displaying means for displaying the sche- 
matic images of the plurality of body sections in the 



15 



20 



25 



30 



35 



40 



45 



50 



14 



27 



EP 1 647 291 A1 



28 



shape of a human body, section entering means for 
accepting an input action to select one of the plurality 
of displayed body sections, region displaying means 
for displaying a schematic image of at least one of 
the regions to be imaged in association with the se- 5 
lected body section, section entering means for ac- 
cepting an input action to select the displayed region 
to be imaged, and condition correcting means for 
correcting the data of the injection condition in ac- 
cordance with the selected region to be imaged, 10 
wherein the injection performing means injects at 
least a contrast media as the liquid to the patient 
whose fluoroscopic image is to be imaged by an im- 
aging diagnostic apparatus, and 

the injection control means controls the operation of is 
the injection performing means in accordance with 
the corrected injection condition. 



24. A liquid injector according to claim 23, further com- 
prising: 

coefficient storing means for storing a predeter- 
mined coefficient for each of the regions to be 
imaged of the patient; and 
coefficient reading means for reading the data 
of the coefficient from the coefficient storing 
means based on the selected region to be im- 
aged, 

wherein the condition correcting means increas- 
es and/or reduces at least one of the injection 
rate, the injection time period, and the injection 
quantity in accordance with the read coefficient. 

25. A liquid injector according to any one of claims 1 to 
24, further comprising: 

body entering means for accepting data of de- 
tails of the body of the patient; and 
condition correcting means for correcting the da- 
ta of the injection condition in accordance with 
the entered data of the details of the body. 

26. A liquid injector according to claim 25, wherein the 
body entering means accepts the data of the weight 
of the patient as the details of the body, and 

the condition correcting means increases and/or re- 
duces at least one of the injection rate, the injection 
time period, and the injection quantity in accordance 
with the entered weight. 

27. A liquid injector according to any one of claims 1 to 
26, wherein the injection performing means injects 
at least a contrast media as the liquid to the patient 
whose fluoroscopic image is to be imaged by an im- 
aging diagnostic apparatus, 

a plurality of the contrast media with different effec- 
tive components are used, 

furthercomprisingtype entering meansfor accepting 



data of a type of the contrast media; and 
condition correcting means for correcting the data of 
the injection condition in accordance with the entered 
data of the type of the contrast media. 

28. A liquid injector according to claim 27, wherein a plu- 
rality of the contrast media containing effective com- 
ponents at different concentrations are used, 
further comprising concentration storing means for 
storing the concentration for each type of the contrast 
media and concentration reading means for reading 
the data of the concentration from the concentration 
storing means based on the entered data of the type 
of the contrast media, 

wherein the condition correcting means increases 
and/or reduces at least one of the injection rate, the 
injection time period, and the injection quantity in ac- 
cordance with the read data of the concentration. 

20 29. An imaging diagnostic system comprising an imag- 
ing diagnostic apparatus for imaging a fluoroscopic 
image of a patient and a liquid injector for injecting 
at least a contrast media to the patient whose fluor- 
oscopic image is to be taken, 

25 wherein the imaging diagnostic system comprises 
the liquid injector according to any one of claims 1 
to 28, the liquid injector injects the contrast media 
as the liquid to the patient, and the liquid injector and 
the imaging diagnostic apparatus communicate var- 

30 jous data with each other to cooperate various op- 
erations thereof. 

30. A method of injecting a liquid using the liquid injector 
according to claim 1 , comprising: 



a screen displaying step of displaying a condi- 
tion screen with its vertical axis representing an 
injection rate of the liquid and its horizontal axis 
representing an injection time period; 
40 a condition entering step of accepting an input 

action of at least one injection condition made 
of the injection rate of the liquid relative to the 
injection time period; 

a condition storing step of storing the entered 

45 injection condition; 

an image producing step of producing a condi- 
tion image having a horizontal width corre- 
sponding to the injection time period and includ- 
ing at I east the injection rate as text data for each 

50 of the stored injection conditions; 

an image displaying step of displaying the at 
least one produced condition image in the con- 
dition screen at a vertical position in association 
with the injection rate and a horizontal position 

55 in association with the injection time period; 

a state detecting step of measuring at least the 
elapsed time from the start of the injection of the 
liquid; and 
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an injection control step of controlling the oper- 
ation of the injection performing step in realtime 
in accordance with the measured elapsed time 
and the stored injection condition. 

5 

31. A computer program for the liquid injector according 
to claim 1 , the program causing the liquid injector to 
perform: 

screen displaying processing of displaying a 10 
condition screen with its vertical axis represent- 
ing an injection rate of the liquid and its horizontal 
axis representing an injection time period; 
condition entering processing of accepting an 
input action of at least one injection condition 15 
made of the injection rate of the liquid relative 
to the injection time period; 
condition storing processing of storing the en- 
tered injection condition; 

image producing processing of producing aeon- 20 
dition image having a horizontal width corre- 
sponding to the injection time period and includ- 
ing at least the injection rate as text data for each 
of the stored injection conditions; 
image displaying processing of displaying the at 25 
least one produced condition image in the con- 
dition screen at a vertical position in association 
with the injection rate and a horizontal position 
in association with the injection time period; 
state detecting processing of measuring at least so 
the elapsed time from the start of the injection 
of the liquid; and 

injection control processing of controlling the op- 
eration of the injection performing processing in 
real time in accordance with the measured 35 
elapsed time and the stored injection condition. 

32. An information storage medium storing the computer 
program according to claim 31 for the liquid injector 
according to claim 1 . 40 
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Fig. 2 
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restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1 , 2 



Remark on Protest f^e additional search fees were accompanied by the applicant's protest. 

□ No protest accompanied the payment of additional search fees. 
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Continuation of Box No.II-1 of continuation of first sheet (2) 
and Rule 39.1 (iv) of the Regulations under the PCT, to search. 

Continuation of Box No. Ill of continuation of first sheet (2) 

within the meaning of PCT Rule 13.2, second sentence, no technical 
relationship within the meaning of PCT Rule 13 between the different 
inventions can be seen. 

Consequently, claims 1-29, 31, 32 do not satisfy the unity of invention. 

Claim 2 relates to "a medicine infuser" characterized in that it 
comprises "quantity calculation means" , and "the image generating means 
generates data on the condition image given the infusion quantity in 
the form of text data" . 

Claims 3, 4 relate to "a medicine infuser" characterized in that "the 
infusion quantity" and "the infusion speed" are entered and controlled. 

Claim 5 relates to "a medicine infuser" characterized in that "the 
condition entering means receives entry of the infusion conditions on 
the one infusion executing means". 

Claim 6 relates to "a medicine infuser" characterized in that "it 
comprises the plurality of infusion executing means, and the condition 
entering means receives entry of at least one infusion condition for 
each of the medicines". 

Claim 7 relates to "a medicine infuser" characterized in that "it 
comprises the plurality of infusion executing means, and the image 
generating means generate data on the condition image in a different 
color for each of the medicines". 

Claim 8 relates to "a medicine infuser" characterized in that "the 
condition entering means receives entry of a vertical shift and a 
horizontal shift at the left and right ends of the condition image displayed 
on the image displaying means". 

Claims 9-12 relate to "a medicine infuser" characterized by comprising 
specific "speed storage means" and "warning annunciating means". 

Claim 13 relates to "a medicine infuser" characterized by comprising 
specific "image displaying means" . 

Claims 14-17 relate to "a medicine infuser" character izedby comprising 
"confirmation entering means for receiving entry of confirmation 
instruction" . 

Claim 18 relates to "a medicine infuser" characterized by comprising 
a specific "display panel " , "a cylinder holding mechanism" , and "piston 
drive mechanism". 

Claims 19, 20 relate to "amedicine infuser" character! zedby comprising 
a specific "touch panel". 

Claim 21 relates to "a medicine infuser" characterized by comprising 
a specific "condition storage means", "an image generating means", and 
"a condition entering means". 

Claim 22 relates to "a medicine infuser" characterized by comprising 
a specific "image storage means", "section display means", "section 
entering means", "portion display means", "portion entering means", 
"infusion executing means", "condition entering means", "condition 
storage means", and "infusion control means". 

Claims 23, 24 relate to "amedicine infuser" characterized by a specific 
"condition correction means". (continued to the next extra sheet.) 
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Claims 25, 2 & relate to "amedicine infuser" characterized by comprising 
a specific "body entering means" and "condition correction means". 

Claims 27 , 28 relate to "amedicine infuser" characterizedby comprising 
a specific "infusion executing means". 

Claim 29 relates to "a transmission imaging system". 

Claims 31/ 32 relates to "a computer program for a medicine infuser"/ 
or "information storage medium storing a computer program". 
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